Abstract
Motivation: The Tundra Trait Team (TTT) database includes field-based measurements of key traits related to plant form and function at multiple sites across the tundra biome. This dataset can be used to address theoretical questions about plant strategy and trade-offs, trait-environment relationships and environmental filtering, and trait variation across spatial scales, to validate satellite data, and to inform Earth system model parameters.
Main types of variable contained:
The database contains 91,970 measurements of 18 plant traits. The most frequently measured traits (> 1,000 observations each) include plant height, leaf area, specific leaf area, leaf fresh and dry mass, leaf dry matter
| INTRODUC TI ON
Plant traits reflect species' ecological strategies and life histories, and underlie differences in the way plants acquire and use resources. Traits related to plant size and the leaf economics spectrum, for example, represent fundamental trade-offs between the capture and conservation of resources (Díaz et al., 2016; Wright et al., 2004) . Because plant traits reflect the direct interaction between a plant and its habitat, variation in plant traits is often closely linked to environmental (including climatic) variation (Moles et al., 2006 (Moles et al., , 2009 Sandel et al., 2010) . As such, plant traits can be used to predict species' responses to environmental and climate change (Fridley, Lynn, Grime, & Askew, 2016; Soudzilovskaia et al., 2013) .
Furthermore, many plant functional traits are directly related to key community and ecosystem processes (Díaz et al., 2009; Lavorel & Garnier, 2002; Reichstein, Bahn, Mahecha, Kattge, & Baldocchi, 2014) , and are thus considered essential biodiversity variables necessary for assessing biodiversity and ecosystem change globally (Pereira et al., 2013) .
Global trait databases (Kattge et al., 2011) have dramatically increased the accessibility of plant trait data over the past decade, but these databases are heavily geographically biased towards temperate regions (e.g. 98% of observations in the TRY trait database were measured south of 60°N). In contrast, the tundra is the most rapidly warming biome on the planet (IPCC, 2013), but until now has been underrepresented in global trait databases, which limits our ability to predict the functional consequences of climate change. This poor geographical coverage of tundra species is especially pronounced in the most remote (e.g. high Arctic, upper alpine) regions. Because intraspecific trait variation is thought to be particularly important in ecosystems such as the tundra where diversity is low and species' ranges are large (Siefert et al., 2015) , multi-site trait observations on many individuals are needed to capture the full extent of tundra plant trait variation.
Here, we present the Tundra Trait Team (TTT) database, which contains more than 90,000 unique observations of 18 plant traits on 978 tundra species (Figures 1 and 2 , Table 1 ). The TTT database is unique in its depth and spread. Trait data were collected at 207 unique tundra locations ranging from 47°S (the sub-Antarctic Marion Island) to 79.1°N (Sverdrup Pass, Ellesmere Island, Canada), and include multiple observations on individuals at the same location as well as of the same species at different locations. In addition, 99.8% of the observations in the database are georeferenced, thus allowing trait observations to be linked with environmental data such as gridded climate datasets (e.g. WorldClim, www.worldclim. org, CHELSA, chelsa-climate.org, CRU, crudata.uea.ac.uk, etc.) F I G U R E 1 Trait observations span the Arctic, sub-Antarctic and alpine tundra. The size of the circle corresponds to the number of trait observations at a given location (minimum < 150, maximum > 2,500), while the colour of each circle indicates the measured trait. LDMC = leaf dry matter content; SLA = specific leaf area F I G U R E 2 Frequency of observations across latitudes for the most commonly measured traits. More than 99% of the observations are georeferenced. The dashed line separates Southern and Northern Hemisphere observations. LDMC = leaf dry matter content variation across scales. Linking trait observations with environmental data can facilitate our understanding of trait-environment relationships (Bjorkman et al. in press) and the role of environmental filtering in shaping plant communities (Asner, Knapp, Anderson, Martin, & Vaughn, 2016; Bernard-Verdier et al., 2012) . Identifying trait-environment relationships can in turn inform predictions of plant and ecosystem responses to global change and help to establish Earth system model parameters in dynamic vegetation models (Wullschleger et al., 2014) . We expect that making this dataset publicly available will contribute to future research in these and other unforeseen ways.
| ME THODS

| Data acquisition and compilation
Data were submitted directly by the tundra researchers that collected them (see author list and Acknowledgments). These data represent a mix of previously collected data as well as new data collected as part of a multi-site field campaign. In some cases, the submitted trait data have contributed to publications (see Supporting Information Appendix S1 for reference list) but all values in the database are from primary sources (i.e. not extracted from publications).
None of the data contained in the TTT database currently occur in other trait databases (e.g. TRY). All trait data in this version (v.
1.0) of the database are collected on plants growing in situ under natural conditions (i.e. data from experimental treatments were removed). Future updates to the database will also include trait data from experimental treatments (warming, grazing, nutrient addition, snow manipulation, etc.). This will be indicated accordingly in the 'Treatment' column.
| Data curation and quality control
All observations were checked to ensure logical latitude and longitude information and converted to standardized units of measurement. We also removed obviously erroneous or impossible values (e.g. leaf dry matter content values greater than 1 g/g). When possible, suspected errors were checked with the initial data providers and corrected. Species names were standardized to match the accepted names in The Plant List using the R package Taxonstand v. 2.0 (Cayuela, Granzow-de la Cerda, Albuquerque, & Golicher, 2012; column 'AccSpeciesName'), but the original names provided by data contributors are also included in the database (column 'OriginalName'). The original name may contain additional information about subspecies designations.
For those species with at least 10 observations of the same trait type, we additionally report an 'error risk' for each observation (see TRY database protocols for more information on the term 'error TA B L E 1 All traits contained in the Tundra Trait Team (TTT) database, including the number of total observations of each trait, the number of unique locations (rounded to the nearest tenth of a decimal degree) at which each trait was measured, and the total number of species for which each trait was measured. The mean, SD, median, and 95% quantiles for each trait are also provided. Leaf d13C and leaf d15N correspond to the leaf carbon isotope signature and the leaf nitrogen isotope signature, respectively Release_Notes.pdf). The error risk was calculated as the number of standard deviations that a given value lies from the overall species mean for that trait. We also provide the script used to create the 'cleaned' version of the dataset as a GitHub repository (https:// github.com/TundraTraitTeam/TraitHub), along with both the raw (uncleaned) and cleaned versions of the dataset. The cleaning script can be adapted to vary in its sensitivity to outliers. This script also includes code to output histograms that visually identify removed values per species for any traits of interest. It should be noted that this cleaning protocol is primarily useful for species with large numbers of observations of a given trait, and that much of the variation within a species may be due to environmental or other differences among sites (not error).
| Data availability and access
The TTT database will be maintained at the GitHub repository Table 2 ). We have also retained information about the identity of each individual plant ('IndividualID') to facilitate analyses of within-individual trait-trait correlations.
| Data use guidelines
In addition to the trait values themselves, nearly all observations (99.8%) contain information about latitude and longitude of the location where the measurement was taken (Figures 2 and 3 ).
Elevation was also provided for most observations (70%). The high degree of georeferencing in the dataset enables the extraction of climate and other environmental data corresponding with each trait measurement. In addition, many data contributors provided information about the habitat type ('SubsiteName') in which each individual occurred. The full structure of the database is described in Table 2 .
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